Optical experiments on semiconductors give the most detailed information on the energy level structure of dopants via their characteristic spectra, and also on the mechanisms of recombination of carriers or excitons via these energy levels. Recent photoluminescence (PL) studies show that Mg-doping in GaN produces at least two acceptor species A1 and A2 with different optical signatures 1 . This has been found from careful work on low dislocation density homo-epitaxial layers with a quite low dislocation density (< 10 7 cm -2 ). The PL spectra for an acceptor typically consists of a narrow neutral acceptor bound exciton (ABE)
line and a broad donor-acceptor pair (DAP) spectrum at lower energies. In this case the A1 PL at low T consists of the 3.466 eV ABE1 and the 3.27 eV DAP, while the A2 signatures are ABE2 at 3.454 eV and the 3.1 eV DAP 1 . The possible identity of these two acceptors has been discussed in previous work [1] [2] [3] , but not clarified. In hetero-epitaxial samples grown on sapphire, with a much higher structural defect density, more than two acceptor states were recently reported for GaN:Mg 4 . The situation with more than one acceptor for each dopant is unusual in semiconductors, and its explanation calls for more detailed experimental investigations.
Recent structural studies of c-plane and m-plane GaN:Mg layers grown by MOCVD on low defect bulk GaN substrates reveal a high density of nano-size basal plane stacking faults (BSFs) in such material, induced by the Mg-doping 5, 6 . The interaction of the substitutional
Mg acceptors with these SFs may explain the presence of the two shallow acceptor states, and their optical properties.
The following identification of the two Mg-related acceptors is suggested here: A1 is the isolated substitutional Mg acceptor, while A2 is the same acceptor interacting with a nearby basal plane SF. (Note that this assignment is modified from the one in Ref. 5.6 . A spatial correlation between Mg atoms and these
BSFs has been shown in TEM studies 5 . The ABE2 PL shows a strong broadening (Fig. 1) , consistent with inhomogeneous broadening with a slight variation of the distance to the SF and the size of the SF (local strain broadening). The BSFs also show their own characteristic luminescence spectra in cathodoluminescence (CL) 5 , and also in PL (Fig. 1) . The peaks present in the region 3.38 -3.42 eV in Fig. 1 , also previously reported in Ref. 8 , are similar to BSF-related CL spectra recently observed in nanostructured GaN samples 9 .
The identity of the 3.27 eV spectrum as a DAP recombination has been well documented in the literature. There is a strong shift with excitation intensity as well as with decay time, typical for a DAP with a distribution of donor-acceptor distances 10 , and a transition from a DAP to conduction band-acceptor spectrum with elevated temperature has been clearly demonstrated 11, 12 . The broadening of this spectrum towards lower energy at high Mg doping can be explained as a stronger localization of the A2 type Mg acceptors that are associated with BSFs.
The deeper so called blue PL spectrum peaking around 2.9 eV is present strongly in highly Mg-doped MOVPE grown GaN, but seems to be typically absent in similar samples grown with MBE 13 . An identification as a DAP band involving deep acceptors and shallow donors is supported by ODMR data 14 , but the defect corresponding to the 2.9 eV PL could also be a neutral complex. The peak seems to be H-related, and the corresponding defect does not noticeably affect the hole concentration 15 . These results argue against the recent suggestion that the 2.9 eV PL band is the signature of the regular substitutional Mg acceptor in 
